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Abstract 

In the light of the Planck 2015 results, we update simple inflationary models based on 
the quadratic, quartic, Higgs and Coleman-Weinberg potentials in the context of the Randall- 
Sundrum brane-world cosmology. Brane-world cosmological effect alters the inflationary pre¬ 
dictions of the spectral index (n^) and the tensor-to-scalar ratio (r) from those obtained in the 
standard cosmology. In particular, the tensor-to-scalar ratio is enhanced in the presence of the 
5th dimension. In order to maintain the consistency with the Planck 2015 results for the infla¬ 
tionary predictions in the standard cosmology, we hnd a lower bound on the hve-dimensional 
Planck mass (M 5 ). On the other hand, the inflationary predictions laying outside of the Planck 
allowed region can be pushed into the allowed region by the brane-world cosmological effect 
with a suitable choice of M 5 . 


1 Introduction 


Inflationary nniverse is the standard paradigm in the modern cosmology [D El El m which 
provides not only solntions to varions problems in the standard big-bang cosmology, snch 
as the flatness and horizon problems, bnt also the primordial density fluctuations which are 
necessary for the formation of the large scale structure observed in the present universe. Various 
inflationary models have been proposed with typical inflationary predictions for the primordial 
perturbations. Recent cosmological observations by, in particular, the Wilkinson Microwave 
Anisotropy Probe (WMAP) [5] and the Planck satellite [6] experiments have measured the 
cosmological parameters precisely and provided constraints on the inflationary predictions for 
the spectral index {us), the tensor-to-scalar ratio (r), the running of the spectral index {a = 
dus/dlnk), and non-Gaussianity of the primordial perturbations. It is expected that future 
cosmological observations will become more precise, and allow us to discriminate inflationary 
models. Very recently, the Planck collaboration has released the Planck 2015 results [7], which 
provide us with the most stringent constraints on the inflationary predictions. 

The brane-world cosmology is based on a 5-dimensional model hrst proposed by Randall 
and Sundrum (RS) [8], the so-called RS II model, where the standard model particles are 
conhned on a ”3-brane” at a boundary embedded in 5-dimensional anti-de Sitter (AdS) space- 
time. Although the 5th dimensional coordinate tends to inhnity, the physical volume of the 
extra-dimension is hnite because of the AdS space-time geometry. The 4-dimensional massless 
graviton is localizing around the brane on which the Standard Model particles reside, while 
the massive Kaluza-Klein gravitons are delocalized toward inhnity, and as a result, the 4- 
dimensional Einstein-Hilbert action is reproduced at low energies. Cosmology in the context of 
the RS II setup has been intensively studied [9] since the hnding of a cosmological solution in the 
RS II setup [To] . Interestingly, the Friedmann equation in the RS brane-world cosmology leads 
to a non-standard expansion law of our 4-dimensional universe at high energies, while repro¬ 
ducing the standard cosmological law at low energies. This non-standard evolution of the early 
universe causes modihcations of a variety of phenomena in particle cosmology, such as the dark 
matter relic abundance m (see also [12] for the modihcation of dark matter physics in a more 
general brane-world cosmology, the Gauss-Bonnet brane-world cosmology [I3]), baryogensis via 
leptogenesis HI, and gravitino productions in the early universe Ha. 

The modihed Friedmann equation also affects inhationary scenario. A chaotic inhation 
with a quadratic inhaton potential has been examined in [16], and it has been shown that the 
inhationary predictions are modihed from those in the 4-dimensional standard cosmology. It 
is remarkable that the power spectrum of tensor huctuation is found to be enhanced in the 
presence of the 5-dimensional bulk ini- Taking this brane-cosmological ehect into account. 
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simple monomial inflaton potentials have been analyzed in [181IIH] in light of the WMAP Syr 
results and Planck 2013 results, respectively. 

Last year, the Background Imaging of Cosmic Extragalactic Polarization (BICEP2) collab¬ 
oration reported their observation of CMB i?-mode polarization I2ni. which was interpreted as 
the primordial gravity waves with r = 0 . 201 qq 5 (68% conhdence level) generated by inflation. 
Motived by the BICEP2 result of the large tensor-to-scalar ratio of 0(0.1), various inflation¬ 
ary models and their predictions have been reexamined/updated. See, for example. Ref. [2T] 
for an update of the inflationary predictions of simple models in the standard cosmology. In 
[22] . we have examined simple inflationary models in the context of the RS brane-world cos¬ 
mology, and found that the brane-world cosmological effect enhances the tensor-to-scalar ratio 
to nicely £t the BICEP2 result 0 However, recent joint analysis of BICEP2/Keck Array and 
Planck data [23] has concluded that uncertainty of dust polarization dominates the excess ob¬ 
served by the BICEP2 experiment. Now the Planck 2015 results set an upper bound on the 
tensor-to-scalar ratio to be r < 0.1. The purpose of this paper is to update simple brane-world 
inflationary models discussed in [22], in light of the Planck 2015 results. The fact that the 
brane-world inflationary models could nicely £t the BICEP2 result implies that the Planck 
2015 results constrain the brane-world cosmological effect. 

In the next section, we briefly review the RS brane-world cosmology and present basic 
formulas which will be employed in our analysis for inflationary predictions. We hrst update in 
Sec. 3 the inflationary predictions of the textbook inflationary models with the quadratic and 
quartic potentials. In Secs. 4 and 5, we analyze the Higgs potential and the Coleman-Weinberg 
potential models, respectively, with various values of the inflaton vacuum expectation value 
(VEV) and the 5-dimensional Planck mass in the brane-world cosmology. The last section is 
devoted to conclusions. 


2 Inflationary scenario in the brane-world cosmology 


In the RS H brane-world cosmology, the Friedmann equation for a spatially flat universe is 
found to be [10] 


= 


P 


3Mp 


1 p\ c 
is— ) + ~' 

PoJ 


( 1 ) 


where Mp = 2.435 x 10^® GeV is the reduced Planck mass. 


Pq — 12 


Ml 


( 2 ) 


See [23] for discussion about simple inflationary models in the Gauss-Bonnet brane-world cosmology. 
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with M 5 being the 5-dimensional Planck mass, a constant C is referred to as the “dark radia¬ 
tion,” and we have omitted the 4-dimensional cosmological constant. Note that the Friedmann 
equation in the standard cosmology is reproduced for p/po -C 1 and p/(3Mp) 3> C/a^. There 
are phenomenological, model-independent constraints for these new parameters from Big Bang 
Nucleosynthesis (BBN), which provides successful explanations for synthesizing light nuclei in 
the early universe. In order not to ruin the success, the expansion law of the universe must obey 
the standard cosmological one at the BBN era with a temperature of the universe ^BBN — 1 
MeV. Since the constraint on the dark radiation is very severe |2S], we simply set C = 0 in 
the following analysis. We estimate a lower bound on po by > Tbbn and hnd M 5 > 8.8 
TeV. A more sever constraint is obtained from the precision measurements of the gravitational 
law in sub-millimeter range. Through the vanishing cosmological constant condition, we hnd 
> 1.3 TeV, equivalently, M 5 > 1.1 x 10^ GeV as discussed in the original paper by Randall 
and Sundrum [ 8 ]. The energy density of the universe is high enough to satisfy p/po > 1, the 
expansion law becomes non-standard, and this brane-world cosmological effect alters results 
obtained in the context of the standard cosmology. 

Let us now consider inhationary scenario in the brane-world cosmology with the modihed 
Friedmann equation. In slow-roll inhation, the Hubble parameter is approximately given by 
(from now on, we use the Planck unit, Mp = 1) 




i + L 

Po 


(3) 


where V{(j)) is a potential of the inhaton 0. Since the inhaton is conhned on the brane, the 
power spectrum of scalar perturbation obeys the same formula as in the standard cosmology, 
except for the modihcation of the Hubble parameter |16j . 

9 


Vs = 


(4) 


47r2 (!/')"’ 

where the prime denotes the derivative with respect to the inhaton held 0. From the Planck 
2015 results |7], we hx the power spectrum of scalar perturbation as Vsiko) = 2.196 x 10“® for 
the pivot scale chosen at Pq = 0.002 Mpc“L The spectral index is given by 


n.. 


d\nVs ^ ^ 

1 = ^ = —6e -I- 2p 


dink 


with the slow-roll parameters dehned as 

V' 


e = 


(inFf^)', p = 


V" 


QH2\ / ’ ' 3P/-2 

The running of the spectral index, a = dug/dlnk, is given by 

djTi 


d\nk 3 if 2 


(5) 


( 6 ) 


(7) 
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On the other hand, in the presence of the extra dimension where graviton resides, the power 
spectrum of tensor perturbation is modihed to be ini 

Vt = 8 F(x„f, (8) 


where xq = po, and 

F{x) = ( VY+HF — x^ In 


X 




x^ 


- 1/2 


(9) 


For xo <C 1 (or V/Pq 1), F{xo) ~ 1, and Eq. ([8]) reduces to the formula in the standard 
cosmology. For xq 3> 1 (or V/ po 3> 1), F{xq) ~ ^/^x^J2 ~ \/SV/po 3> 1. The tensor-to-scalar 
ratio is dehned as r = VflVs- 

The e-folding number is given by 



where 0o is the inflaton VEV at horizon exit of the scale corresponding to /cq) and is the 
inflaton VEV at the end of inflation, which is dehned by max[e(0e), |h(0e)|] = 1- In the standard 
cosmology, we usually consider Vq = 50 — 60 in order to solve the horizon problem. Since the 
expansion rate in the brane-world cosmology is larger than the standard cosmology case, we 
may expect a larger value of the e-folding number. For the model-independent lower bound, 
pH^ > 1 MeV, the upper bound Nq < 75 was found in |26]. In what follows, we consider 
Nq = 50, 60, and 70, as reference values. 


3 Textbook inflationary models 


We hrst analyze the textbook chaotic inhation model with a quadratic potential |3], 

1 


V = —m 


2 i2 


( 11 ) 


In the standard cosmology, simple calculations lead to the following inhationary predictions: 

4 16 8 


n,o = 1 - 


r = 


a = 


( 12 ) 


2IV0 + I’ ■ 2IV0 + I’ (2iV„ + l)2 

The inhaton mass is determined so as to satisfy the power spectrum measured by the Planck 
satellite experiment, Vs{ko) = 2.196 x 10“®: 

121 


m[GeV] = 1.45 x 10 


13 


2iVo + l 


(13) 
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In the brane-world cosmology, these inflationary predictions in the standard cosmology are 
altered due to the modifled Friedmann equation. In the limit, V/pQ ^ 1, the Hubble parameter 
is simplified as ~ H^/(3po), and we can easily And 


5 24 10 

- T = - Q =- 

2No + r 2No + r {2N^ + iy 


(14) 


The initial (0o) and the Anal (0e) inflaton VEVs are found to be 


0^ = 96^(2iVo + l), 0^ = 96^. (15) 

For a common No value, the spectral index is reduced, while r and |a| are found to be larger 
than those predicted in the standard cosmology. In the brane-world cosmology, once po is fixed, 
equivalently, M 5 is fixed through Eq. ([2]), the inflaton mass is determined by the constraint 
'Ps{ko) = 2.196 X 10“®. For the limit V/po S> 1, we And [I 6 ] 


m 




1.26 X 10“^ 


/ 121 y/® 

V2iVo + i; 


(16) 


Note that, unlike inflationary scenario in the standard cosmology, the inflaton becomes lighter 
as M 5 is lowered. This analysis is valid for H(0o)/po 1, in other words, M 5 -C 0.01 by using 
Eqs. ([ 2 ]), (fT5|) . and flT 6 |) . 




Figure 1: The inflationary predictions for the quadratic potential model: Ug vs. r (left panel) 
and rig vs. a (right panel) for various M 5 values with Nq = 50, 60 and 70 (from left to right), 
along with the contours (at the confidence levels of 68 % and 95%) given by the Planck 2015 
results (P/anc/jTT-|-lowP) [7j. The black triangles are the predictions of the textbook quadratic 
potential model in the standard cosmology, which are reproduced for M 5 > 1 . As M 5 is lowered, 
the inflationary predictions approach the values in Eq. (|TT|1 . denoted by the black squares. In 
each line, the turning point appears for H( 0 o)/Po — 1 - 
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Figure 2: Relations between Ug and M 5 (left panel) and between Ug and m (right-panel), 
for Nq = 50, 60 and 70 from left to right. The black triangles denote the predictions in the 
standard cosmology. 


We calculate the inflationary predictions for various values of M 5 with fixed e-folding num¬ 
bers, and show the results in Fig. [H In the left panel, the inflationary predictions for Wq = 50, 
60 and 70 from left to right are shown, along with the contours (at the confidence levels of 
68 % and 95%) given by the Planck 2015 results {Planck TT-|-lowP) [7j. The black triangles 
represent the predictions of the quadratic potential model in the standard cosmology, while the 
black squares are the predictions in the limit of V/Pq 1. We see that the quadratic potential 
model is not favored by the Planck 2015 results, and the brane-world cosmological effect makes 
the situation worse. For Nq = 70, we have found an lower bound on M 5 [GeV] > 9.98 x 10^® for 
the inflationary prediction to stay inside of the Planck contour at 95% C.L. The results for the 
running of the spectral index {ug vs. a) is shown in the right panel, for Nq = 50, 60, 70 from left 
to right. The predicted |a| values are very small and consistent with the Planck 2015 results [7], 
a = —0.0126]'^QgQg7 {Planck TT-|-lowP). We also show our results for the 5-dimensional Planck 
mass {ug vs. M 5 ) and the inflaton mass {ug vs. m) in Fig. [2l In each solid line, the turning 
point appears for R( 0 o)/Po — 1 - 

Next we analyze the textbook quartic potential model, 

r = 1.#-*. (17) 


In the standard cosmology, we find the following inflationary predictions: 

6 32 12 


n,o = 1 - 


r = 


a = 


(18) 


2 IV 0 + 3 ’ ' 2 IV 0 + 3 ’ (2iV„ + 3)2 

The quartic coupling (A) is determined by the power spectrum measured by the Planck satellite 
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(19) 


experiment, Vsik^) 


2.196 X 10 ® at the pivot scale ko = 0.002 Mpc as 


A 


8.46 X 10"^^ 


/ 123 y 
\ 2iVo + 3 / 


When the limit V/pQ S> 1 is satished during the inflation, we And in the brane-world 
cosmology 


9 48 27 

- T = - Q =- 

3«o + 2’ 3«o+2’ (aN„ + 2f 


( 20 ) 


The predicted values are very close to those in the standard cosmology for Nq ^ 1. Using 
Vs{ko) = 2.196 X 10"^ we And 


A 


3.23 X 10“^^ 


182 y 

3iVo + 2 J ’ 


( 21 ) 


which is independent of M 5 . 

We calculate the inflationary predictions for various values of M 5 with fixed e-folding num¬ 
bers. Our results are shown in Fig. |3l In the left panel, the inflationary predictions for A'^o = 50, 
60, 70 from left to right are shown, along with the contours (at the confidence levels of 68 % and 
95%) given by the Planck 2015 results {Planck TT-|-lowP) [7]. The results for the running of 
the spectral index (u^ vs. a) is shown in the right panel, for Nq =50, 60, 70 from left to right. 
The black points represent the predictions in the standard cosmology. In Fig. |3l the inflation¬ 
ary predictions are moving anti-clockwise along the contours as M 5 is lowered. The turning 
point on each contour appears for U( 0 o)/Po — 1 ) and as M 5 is further lowered, the inflationary 
predictions go back closer to those in the standard cosmology. The quartic potential model is 
clearly disfavored by the Planck 2015 results, and the brane-world cosmological effect cannot 
improve the fit. 


4 Higgs potential model 

Next we consider an inflationary scenario based on the Higgs potential of the form ^7\ 

y = I {<!>"-. ( 22 ) 

where A is a real, positive coupling constant, v is the VEV of the inflaton (j). For simplicity, 
we assume the inflaton is a real scalar in this paper. It is easy to extended this model to the 
Higgs model in which the inflaton field breaks a gauge symmetry by its VEV. See, for example. 
Refs. [2HI [29] for recent discussion, where quantum corrections of the Higgs potential are also 
taken into account. 
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Figure 3: The inflationary predictions for the quartic potential model: rig vs. r (left panel) and 
Hg VS. a (right panel) with various M5 values for Nq = 50, 60 and 70 (from left to right), along 
with the contours (at the confidence levels of 68 % and 95%) given by the Planck 2015 results 
{Planck TT+lowP) |^. The black points are the predictions of the textbook quartic potential 
model in the standard cosmology, which are reproduced for M 5 >1. As M 5 is lowered, the 
inflationary predictions approach the values in Eq. fl2U]) which are in fact very close to those in 
the standard cosmology. In each line, the turning point appears for %(0o)/Po — 1- 

For analysis of this inflationary scenario, we can consider two cases for the initial inflaton 
VEVs: (i) (po < V and (ii) (po > v. In the case (i), the inflationary prediction for the tensor- 
to-scalar ratio is found to be small for n < 1 , since the potential energy during inflation never 
exceeds Au^/ 8 . This Higgs potential model reduces to the textbook quadratic potential model 
in the limit u ^ 1. To see this, we rewrite the potential in terms of (j) = x + v with an inflaton 
X around the potential minimum at (/) = v, 

% = • (23) 

It is clear that if a condition, Xo/'>^ ^ ^m initial value of inflaton (xo) is satisfied, the 

inflaton potential is dominated by the quadratic term. Recall that xo > 1 in the textbook 
quadratic potential model and hence u S> 1 is necessary to satisfy the condition. In the case 
(ii), it is clear that the model reduces to the textbook quartic potential model for u <C 1. For 
the limit u S> 1 , we apply the same discussion in the case (i), so that the model reduces to 
the textbook quadratic potential model. Therefore, the inflationary predictions of the model 
in the case (ii) interpolate the inflationary predictions of the textbook quadratic and quartic 
potential models by varying the inflaton VEV from u = 0 to u 3> 1. 

We now consider the brane-world cosmological effects on the Higgs potential model. As we 
have observed in the previous section, the inflationary predictions of the textbook models are 
dramatically altered in the brane-world cosmology. The quadratic potential model is marginally 
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consistent with the Planck 2015 resnlts, while the qnartic potential model is disfavored. Thus, in 
the following, we concentrate on the case (i) with 0o < v. Even in the brane-world cosmology, 
the above discussion for (ii) is applicable, namely, the Higgs potential model reduces to the 
textbook models for the very small or large VEV limit and the inflationary predictions for 
(ii) interpolate those in the two limiting cases. Thus, once we have obtained the inflationary 
predictions for the case (i), we can imaginary interpolate them to the results for the qnartic 
potential model presented in the previous section. 




Figure 4: The inflationary predictions for the Higgs potential model; Ug vs. r (left panel) and 
Hg vs. a (right panel) for various M 5 values with fixed n = 10, 20, 30 and 200 from left to right, 
along with the contours (at the confidence levels of 68 % and 95%) given by the Planck 2015 
results {Planck TT+lowP). Here we have hxed the number of e-foldings Nq = 60. The dashed 
line denotes the inflationary predictions for various values of v from 10 to 200 in the standard 
cosmology. As v is raised, the predicted values of Ug and r approach those of the quadratic 
potential model along the dashed line (the position marked by the the black triangle). For 
M 5 > 1 , the brane-world cosmological effects are negligible, and the predicted values of Ug and 
r lie on the dashed line. As M 5 is lowered, the inflationary predictions are deviating from the 
values on the dashed line, and all solid lines are converging to the point marked by the black 
squares, which are the predictions of the quadratic potential model for M 5 -C 1. 

We calculate the inflationary predictions for various values of v and M 5 , and the results are 
shown in Fig. 0] for Nq = 60. The dashed line denotes the results in the standard cosmology for 
various values of v. The black triangles represent the inflationary predictions in the quadratic 
potential model, and we have conhrmed that the inflationary predictions are approaching the 
triangles along the dashed line, as v is raised. The solid lines show the results for various 
values of M 5 with v = 10, 20, 30 and 200 from left to right. For M 5 > 1, the brane-world 
effect is negligible and the inflationary predictions lie on the dashed line. As M 5 is lowered, the 
inflationary predictions are deviating from those in the standard cosmology and they approach 
the values obtained by the quadratic potential model in the brane-world cosmology (shown as 
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Figure 5: Relations between Us and M 5 (left panel) and between Ug and A (right panel), 
corresponding to Fig. HJ 

the black squares). We can see that the brane-world cosmological effect enhances the tensor- 
to-scalar ratio. For v = 20, the inflationary prediction of the standard cosmology is outside of 
the contour, but the brane-world cosmological effect alters the predictions to become consistent 
with the Planck results for 2.07 x 10^® < M 5 [GeV] < 3.70 x 10^®. For v = 20, 30 and 200, 
the brane-world effect pushes the inflationary predictions outside of the contours, so that there 
are lower bounds on M 5 . We have found M 5 [GeV]/ 10 ^® > 4.58, 6.68 and 13.5 for v = 20, 30 
and 200, respectively, in order to keep the inflationary reductions inside of the Planck contour 
at 95% G.L. Fig. [5] shows corresponding results in (n^, M 5 )-plane (left panel) and (n^. A)-plane 
(right panel). In the right panel, the dashed line denotes the results in the standard cosmology. 


5 Coleman-Weinberg potential 


Finally, we discuss an inflationary scenario based on a potential with a radiative symmetry 
breaking |30] via the Goleman-Weinberg mechanism [31]. We express the Goleman-Weinberg 
potential of the form. 


1/ = A0^ 


In ( - 

V 


+ 




(24) 


where A is a coupling constant, and v is the inflaton VEV. This potential has a minimum at 
(j) = V with a vanishing cosmological constant. The inflationary predictions of the Goleman- 
Weinberg potential model in the brane-world cosmology have recently been analyzed in [32] . 
However, the modification of the power spectrum of tensor perturbation in Eq. (| 8 ]), namely, 
the function F was not taken into account in the analysis. In the following we will correct 
the results in [32] by taking the function F into account. We will see an enhancement of the 
tensor-to-scalar ratio due to the function F. 
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Analysis for the Coleman-Weinberg potential model is analogous to the one of the Higgs 
potential model presented in the previous section. As same in the Higgs potential model, we 
can consider two cases, (i) (pQ < v and (ii) (pQ > v, for the initial VEV of the inflaton. In the 
same reason as in our discussion about the Higgs potential model, we only consider the case 

(i) also for the Coleman-Weinberg potential model. Since the inflationary predictions in the 
case (ii) interpolate the predictions of the quartic potential model to those of the quadratic 
potential model as v is raised (with a hxed M 5 ), one can easily imagine the results in the case 

(ii) . 

We show in Fig. | 6 ]the inflationary predictions of the Colman-Weinberg potential model for 
various values of v and M 5 with A"o = 60. The dashed line denotes the results in the standard 
cosmology for various values of v. The black triangles denote the results in the quadratic 
potential model, and we have conhrmed that the dashed line approaches the triangles as v is 
increasing. The solid lines show the results for various values of M 5 with v = 10, 20, 30 and 
200 from left to right. For M 5 > 1, the brane-world effect is negligible and the inflationary 
predictions he on the dashed line. As M 5 is lowered, the inflationary predictions are deviating 
from those in the standard cosmology to approach the values obtained by the quadratic potential 
model in the brane-world cosmology (shown as the black squares). As in the Higgs potential 
model, for M 5 <C v the inflationary predictions of the Coleman-Weinberg potential model 
approach those of the quadratic potential model in the brane-world cosmology. We have found 
the lower bounds on M 5 for the inflationary predictions to stay inside of the Planck contour at 
95% C.L. as M 5 [GeV]/ 10 ^® > 2.18, 5.78, 7.83 and 11.7 for v = 10, 20, 30 and 200, respectively. 
Fig. [7]shows corresponding results in (n^, M 5 )-plane (left panel) and (n^, A)-plane (right panel). 
In the right panel, the dashed line denotes the results in the standard cosmology. 




n 
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Figure 6 : Same as Fig. IHbut for the Coleman-Weinberg potential model. 
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Figure 7: Same as Fig. [5] but for the Coleman-Weinberg potential model. 

6 Conclusions 

Motivated by the Planck 2015 results, we have studied simple inflationary models based on the 
quadratic, quartic, Higgs and Coleman-Weinberg potentials in the context of the brane-world 
cosmology. For the 5-dimensional Planck mass M 5 < Mp, the brane-world cosmological effect 
alters inflationary predictions from those in the standard cosmology. In particular, the tensor- 
to-scalar ratio is enhanced. The textbook quadratic potential model is marginally consistent 
with the Planck 2015 results at 95% C.L., and the brane-world effect makes the htting worse. 
The textbook quartic potential model is disfavored by the Planck results, and the brane-world 
effect cannot improve the data fitting. The Higgs and Coleman-Weinberg potential models 
show interesting behavior. With a suitable choice of the inflaton VEV, we have inflationary 
predictions in the standard cosmology which are consistent with the Planck 2015 results. The 
brane-world cosmological effect pushes the predictions away from the allowed regain, so that 
we have found lower bounds on M 5 in order to keep the inflationary predictions inside of the 
allowed region. On the other hand, inflationary predictions in the standard cosmology laying 
outside of the Planck allowed region can be kicked in the allowed region by the brane-world 
cosmological effect with a suitable choice of M 5 . 
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